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Abstract
The appearance of terms, which are analogous to ones required for symmetry break-
ing, in Lagrangian of Ref. [1] is shown to be caused by gauge invariance of quantum
electrodynamics (QED) and by inaccuracy of the cited author in the choice of canon-
ical variables. These terms do not have physical significance within modern quantum
electrodynamics.
PACS: 03.50.De, 04.20.Cv, 04.20.Fy, 11.10.Ef .
In Ref. [1, 2] the following k– space Lagrangian for electromagnetic field, interacting with
the current ~j and with the charge density ρ, has been obtained:
Λ(~k) = iΨ+(~k)Ψ˙(~k) +
[
~A∗(~k)− ~k
]
~j(~k)−mΨ¯(~k)Ψ(~k)+
+ i
~k ~C∗(~k)ρ(~k)
~k 2
−
| ρ(~k) | 2
2~k 2
+
1
2
(
| ~C⊥(~k) |
2 −~k2 | ~A⊥(~k) |
2
)
. (1)
The approach was used, in which ~A, the vector potential, and ~C = ~˙A = ∂
~A
∂t
are supposed
to be independent to each other. The author of cited paper considers (1) as the Lagrangian
with the spontaneous-symmetry-breaking terms (fourth and fifth in the above formula).
Let us mark, the approach using the additional vector variable (it is designated as ~C in
Ref. [1]), which is different from field variables, and it is considered as independent, is not
an innovation. This is just the well-known Hamiltonian canonical formalism (see e.g. [3]-[6]).
In Ref. [5] the canonical-conjugated variable to Aµ is defined identically with the quantity
~C in [1], if we don’t take into account the inessential coefficient 1
4π
:
πi =
1
4π
∂L
∂(∂tAi)
=
1
4π
∂ ~A
∂t
. (2)
This canonical-conjugated quantities are due to use of the following Lagrangian:
L = −
1
8π
Aµ,νA
µ,ν = −
1
16π
FµνF
µν −
1
8π
∂Aµ
∂xν
∂Aν
∂xµ
(3)
But, in the case of the x– space Lagrangian
L = −
1
4
FµνF
µν (4)
the quantities ~A and ~C = ~˙A are not the canonical-conjugated quantities, as opposed to
the case of classical mechanics where ~x, the coordinate, and ~˙x, the velocity, are, in fact, the
canonical quantities. It is not clear, what quantzation procedure are implied by the author of
Ref [1]. In the case of canonical quantization the Lagrangian ∼ FµνF
µν does not give us π0,
which is equal to zero. In the case of Lagrange quantization it is not clear, what commutation
rules should be implemented, e.g., for [ ~A(~x), ~C(~x′)]. Moreover, in the Lagrange approach
the field and the momenta of field are not considered as two independent quantities. It is
also not obvious, how Pµ, the energy-momentum operator, is expressed by ~A and ~C in the
quantum case.
Let us not forget, under quantization of electromagnetic field it is impossible to use the
Lorentz condition ab initio. According to Fermi [7] it exists as the condition for the state
vectors only. It is necessary to choose the definite Lagrangian and the definite quantization
approach. and we are able to use the Lorentz condition in a weaker form only after setting
up the commutation relations: (
∂A(−)
∂x
)
Φ = 0. (5)
1
In the case of the Lagrangian (3) we are able to quantizate the electromagnetic field
canonically, using the variable ~π = ~˙A as independent. Following the techniques of [1], we
then have the additional terms to the k– space Lagrangian, which do contract one of the
term in (1):
Ladd = −
i
~k 2
ρ(~k)
(
~k ~C∗(~k)
)
+
1
~k 2
(
~k ~C(~k)
) (
~k ~C∗(~k)
)
−
(
~k ~A(~k)
) (
~k ~A∗(~k)
)
. (6)
The total Lagrangian does not contain the symmetry breaking terms.
As a result of gauge invariance of QED it is possible to use the other Lagrangians differing
from (4) by the supplementary term 1
λ
(
∂A
∂x
)2
, which, on the first view, brings nothing in (18)
of cited paper. However, in this case the canonical quantities are π0 =
1
λ
(∂A
µ
∂xµ
) and πi = F i0
and the expressions (10, 11) between the canonical quantities in Ref. [1] are no longer valid.
Moreover, it is well-known that the Lagrangian can be defined up to the total derivative
only. If we implement the function ∂µfµ = ∂
µ(g ·h)µ it is easy to select g and h in such kind
that both of the symmetry-breaking terms in (18) are contracted out.
In the end, it is not clear, why the Coulomb gauge (~k · ~A = 0 and ~k · ~C = 0) was used
by the author of [1] in the formula (18), the Lagrangian, but it was not used before, e.g. in
(10) and (15).
In conclusion, the appearance of interaction terms of the form a · | Ψ |
2
+b · | Ψ |
4
in the QED Lagrangian is caused by gauge invariance of electrodynamics, implementing
the Lorentz condition ab initio, inaccuracy of the author in the choice of the canonical-
conjugated quantities. These terms are nonphysical and can be eliminated as a result of
using the appropriate gauge. Consequently, they have no any physical meaning in quantum
theory.
I would still like to mention that investigations of interaction electromagnetic field with
currents deserves serious elaboration. In Ref. [8] the equation was presented:
(−iγµ∂µ −m)Ψ(~x) =
= e2γµΨ(~x)
∫
d~yD(~x− ~y)Ψ¯(~y)γµΨ(~y) + eγ
µΨ(~x)Ainµ (~x) (7)
(where D(~x − ~y) is the Green’s function for electromagnetic field, Ainµ (~x) is the solution of
Maxwell’s equations), which should be resolved (see also [6]).
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